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ABSTRACT 
Kan7 post-middle Oligocene bodies of intrusive rocks 
are located in the •outhern Willallette Valley near Eugene, 
Oregon. Six of these which fora topog_raphie highs, 
Creswell Butte, Spencer Butte, East Butte, Skinner Butte, 
Gillespie Butte, and North Butte, are examined in detail. 
Hrom outcrop patterns, aerial photos, available 
literature, and field observations, the author believes 
the buttes to be sills or sill-like structures, concordant 
or slightly discordant with the surrounding Eugene Forma-
tion. Specifically, Creswell Butte,. Spencer Butte, and 
East Butte are eastward dipping sills; Skinner Butte is 
a sill-like structure dipping northwest; Gillespie Butte 
is a phacolith occupying a local synclinal fold plunging 
to the northwest, North Butte 1s a small laccolith with 
a feeder dike below the outcrop. 
All six buttes have similar lithological characteris-
tics. They are medium- to fine-grained basalts with an 
ophitic and in places glomeroporphyritie texture. Plagio-
clase (labradorite) 1s the predominant mineral and co-
exists with lesser amounts o! the pyroxenes, hypersthene 
and ferroaugite. Some samples have trachytic texture. 
Hy'persthene and ferroaugite are present at Creswell, 
I • 
Spencer, Gillespie, and North Buttes, but only the mono-
clinic pyroxene is present at East and Skinner Buttes. 
The terroaagnesium grains are moderately altered to 
ehlorophaeite. This chloritic material appears to have 
altered trom lcypersthene mainly, but in some s8.Dlples it 
has replaced terroau.gite. Ot~er minerals, 1n ainor quan-
tities, are magnetite, ilmenite, .apatite, and zircon. 
There is no evidence supporting differentiation 
within the buttes. The constant Fe2/Mg2 ratio suggests 
the same magma source tor all six buttes and thus rules 
out the possibility of extensive differentiation. There 
is, however, variation in the pyroxene content, which 
suggest a temperature variation during intrusion. The 
two-pyroxene basalts in the thesis area represent higher 
temperature conditions where the hypersthene wae 'frozen' 
in the rocks and not allowed to undergo a normal inversion 
to pigeonite. The basalts which contain only terroaugite 
indicate a temperature of .tbrmation lower than that noraal 




Nature and Occurrence 2l !ht Intrusive Groµl? 
Situated in the southern part ot the Willamette 
River Valley, Oregon, are several prominent outcrops ot 
near surface intrusive igneous rocks. These bodies 
commonly form topographic highs in the valley and are 
never larger than 2 square Uliles in area. Petrographic 
examinations show the rocks to be medium- to fine-
grained basalts. The bodies in this area represent 
only a small part of the many local intrusions which took 
place during the post-middle Oligocene throughout the 
Cascades and Coast Range of Oregon (King, 1959). 
General Stratigraph:Y 
Several of these qall intrusions are considered 
sills or "sill-like" structures (Vokes, Snavely, and 
Myers, 1951) . eoncordant with the T;ree (early Eocene), 
Spencer (late Eocene~ Fisher, and Eugene (early to 
middle Oligocene) :Formations. These four sedimentar;r 
units are generally marine sands composed of coarse-
to fine-grained highly arkosic and micaceous sandstones, 
interspersed with layers of mud.stone, siltstone, and 
2 
shale, and lenses ot volcanic ash (Vokes, Snavely, and 
ll;rers, 1951). the sediaentar;y formations reflect the 
gentle eastward dip of the east li•b ·or the Ooast R&11ge 
of which the7 are a part. 
Lying on the tilted and eroded sedimentary forma-
tions and the intrusive bodies is an extensive sheet flow 
ot olivine basalt• co•on.ly po;-phyrjtic witll pbenocryrste 
o! oli•ine and plagioclase feldspar. Saldwin (1959) ten-
tatively correlates these ba.aalt tlows with the Columbia 
River Basalt-"{middle )U.ocene) of northwestern Oregon. 
Peck (1960) states1 however, that the local flows mq be 
earl7 Miocene. field relationehipa indicate that whatever 
the age ot the basalt flows. they are younger than the 
intrusions. 
Structur1 $1>.d Trends g! the Intrusive G;:oup 
~ intrusive group as aapp-ed by Vokes, Snavely, and 
Myers (1951) is shown as ati-1ctly concord,ant with the east-
ward d1pp1,ng Eugene lormation 1n the Yalle7 and somewhat 
diacorde.nt with the eastward dipping '7ee, Spencer,, and 
Fisher Formations. Snavely (personal communication, 1964) 
expla!ns the use or the term "sill" as applying to · 
"those intrusive bodies parallel or nearly parallel 
with the surrounding sedimentary units." T-he term 
"sill" will be used in this thesis with special 
reference to this local application ot Snavely. 
3 
The north lineation of the intrusive outcrops near 
Eugene furth~r suggests a concordancy with the sediments 
of the east limb of the Coast Range geantieline. The 
truncation or this lineat1on may be explained by the 
possible presence of numerous minor faults trending 
northwest to northeast, as reported by Witt (personal 
communication, 1964) and Vokes, Snavely, and Myers 
(1951) . Buddington and Callaghan (1936, p. 43?) note 
a similar north alignment of intrusive bodies 1n the 
Cascade Range, which they attribute to an axis ot a 
possible continuous batholith at depth. The author does 
not feel that this reasoning is applicable to the intru-
sions in the southern WUlamette Valley. 
Area ot Investigatioa _ , 
fhe author was concerned in this thesis with the 
following six buttes o! the post-middle Oligocene intru-
sive group concordant within the Euge~e Jormation: 
Creswell Butte at Creswell, and Spencer, East,1 Skinner, 
Gillespie, and North1 Buttes at Eugene. The location 
o~ these six buttes is in the area encompassed by 44° 06' 
and 43° 54' North latitude and 123° 06' and 123° oo• West 
1Because no name could be found in the literature, 
East and North Buttes were named by the author. 
longitude. Vokes, Snavely, and Myers (1951) map and dis-
cuss the regional relationships of these six buttes. 
Figure 1 shows their location. 
Ob,,jectives 
The main objectives of this research were to study in 
detail the petrography and mineralogy of all six buttes and 
with this information determine the relationships of one 
butte to another and within each butte. These objectives 
were carried out utilizing modal analyses, cation percentages, 
and grain sizes of selected samples from the buttes. 
Previous Work 
Vokes, Snavely, and Jlyers (1951) made the first de-
tailed geologic map of the southern Willamette Valley area, 
and Baldwin (1959, P• 45-50) diSCUSS"8S the regional geology. 
Kuch work has been done concerning the petrography and 
stratigraphy of rocks in areas near the one investigated in 
this thesis. Bray (1958) discusses the petrology and 
petrography of the Oligocene intrusives in western Lane 
County, Oregon. Handley (19,1), Buddington and Callaghan 
(1936), Bogue and Hodge (1940), and Peck (1960) have done 
extensive work on the rocks ot the Cascade Range. Anderson 
(1963) mapped the northwest one quarter of the Brownsville 
quadrangle, but tai.ls to differentiate the intrusive rocks 
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Outcrou Patterns~ Assymed Structures 
The contacts between the igneous rooks and the Eugene 
Formation are obscured by the overburden on all o! the 
buttes and by the dense vegetation on all but East and 
Gillespie Buttes. Thus, the author studied the aerial 
photos, maps, and literature pertinent to the area in an 
effort to determine the structure of the buttes. C~eswell, 
Spencer, and East Buttes show an irregular outcrop pattern 
which lend themselves to an assumed eastward dipping sill 
structure. Gillespie Butte, North Butte, and to a certain 
extent Skinner Butte exhibit unique outcrop patterns and 
thus require special considerations. 
According to Vokes, Snavely, and Myers (1951), 
Creswell Butte has a sub-elongate outcrop pattern (Figure 
2). The gentle southeast and the steep northwest slopes 
appear to represent the dip and reverse slopes of a sill 
striking N 1?0 E and dipping 16 ° SE. The thickness es-
timated from geometric analysis of this structure is 950 
feet. The shape of the butte appears to be structurally 
controlled. end may be due in part to a series of 
truncating east trending faults, as reported by Witt 
(personal communication 1964) • 
GEOLOGIC MAP OF 
CRESWELL BUTTE 
CRESWELL, OREGON 
SCALE I : 15824 
CONTOU~ INTERVAL 2~ FEET 
INTRUSIVE ROCK -
EUGENE FORMATION 
After Vokes, Snavely, 
and Myers (1951) 
Fi gure 2 
7 
I • 
71gure 3 shows a cross section ot Creswell Butte 
along a line A - A' of the map view in Figure 2. 
8 
A prominent lineation striking northward at Spencer 
Butte is evident on aerial photos (l inch equals 660 
feet). The lineation is iaparted to the outcrop by the 
crude oolwmar jointing (Pl. l) that suggepts a sill 
structure tor tbe butte. A~sWlling that a theoretical 
plane drawn perpendicular to the dip of the jointing 
represents a cooling surtaee parallel to dip of the sill, 
there is a general correlatio• to the structure assumed 
by Vokes, Snavely• and Myers {1951) in their cross 
section A - A'. Billings (1954,), however, states that 
the upper layer of a cooling igneous sheet will sag into 
the middle of the structure and that the geometrical 
analysis outlined above should be used with extreme 
caution. This author teele that the lack ot other 
structural 9rldence at Spencer Butte neces.si tat es the 
asswnption of a str1]te parallel to the joint planes and 
a dip perpendicular to the dip of the joint pianes. the 
author assumes a dip of 1?0 E, as do Vokes, Snavely, and. 
~ers (1951). The estimated thickness of the sill is 1030 
feet. 
Figure 4 shows the outcrop pattern of Spencer Butte. 
It is essentially the same as that ot Vokes, Suavely, and 
Ivers (1951), with the exception or the northeast quarter, 
107 
9 
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GEOLOGIC CROSS SECTION OF 
CRESWELL BUTTE 
ALONG LINE A-A' 
SCALE 1:1562 4 
INTRUSIVE ROCKS II! 






View looking south on summit of Spencer 
Butte showing crude columnar jointing. 
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which was re~appe4 by Kays and the author during field 
investigations in July, 1963. 
Higure 5 s~ows a Qross aection of Spencer Butte 
along a line B - B' ot the map view of Figure 4. 
East Butte has an elongate outcrop pattern (Pig. 6) 
whioh typifies a sill structure as drawn by Vokes, Snavely, 
and Jq-era (1951). !he sill strikes N 16° E and dips 14° 
SE and is estimated to be 580 t••~ thick. 
Higure 7 shows a cross section of East Butte along 
a line C - C' of th• aap view in Higux-e 6. 
The outcrop pattern ot Skinner Butte (Fig. 8) is sub-
elongate in an east•west direction. From the excellent 
column.ar ;jointing (Pl. 2) striking N ?6° \Y and dipping 
20° SW, the author deduced a sill structure striking in 
the same direction and dipping 20° NE. Bearing in mind, 
however, Billings's (19.54) statement of the validity of 
· columnar jointing as a criterion £or dip and strike ot a 
sill, the author realizes that the structure at Skinner 
Butte may be closer to a pod or laocoli~h-like intrusion, 
as suggested by Lund (1964, personal communication).. Re 
was compelled• however, to choose the less substantiated 
term ~s111n to facilitate a later study of differentiation. 
thus, Figure 9 shows an idealized cross section of the 
Skinner Butte ~sill" of the map view in Pigure 8. T'he 
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View looking east into the quarry at Skinner Butte 
showing well-developed columnar jointing. 
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The intrusion at Gillespie Butte is a U-shaped body' 
on a top0SJ1'9rPllie high (Fig. 10). This configuration 
suggests a small phacolith with an estimated maximua 
thickness of 145 feet occupying a local synclinal fold 
in the Eugene Formation (Figs. ll, 12, and 13). The 
plunge of th~ t"old is northwest end 1s approximately 
equal in magnitude to the clip ooaponent of Skinner Butte 
halt a mile to the south. 
The outcrop pattern ot North Butte (Jig . 14) is very 
nearly round and suggests a •al~ l ~ceo1ith structure 
(Baldwin, 1959) as shewn in cross section (Fig. 15), with 
an assumed maxim.um thicltness of aore than 125 feet. The 
feeder dike for the laceolith could not be located in the 
field and is aseuaed to lie beneath the structure. fhis 
hypothesis might be substantiated by gravity surveys across 
the butte. 
Method 2t, Sample Collection 
In order to facilitate determination of the extent of 
ditferentiation within each bodyt a series ot traverses 
were chosen for sampling purposes. In most cases these 
traverses are nearly perpendicular and parallel to the 
strike of the assumed structure. On some of the buttes the 
number and amount of exposures are limited; thus, it was 
necessary in the field to alter slightly the plan of 
N 
l 
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SCHEMATIC BLOCK DIAGRAM OF 
GILLESPIE BUTTE 
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Figure 15 
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oolleotion to include the number of samples needed to make 
~he petrographic study.1 A total of 53 samples were 
collected from the six buttes. Overlays for sampling 
stations at each but~e show both the sample number and 
its location (overlays for J11gures 2. 4, 61 a, 10, and 14 
in folder). 
Kegaseo:aic Dtscrip;pion 
The intrusive rocks trom the thesis area are, in 
general, medium- to fine-grained massive basalts, ranging 
in color .from N?2 to N;, all light gx:-ay. fhe weathered 
portions are all d.arlc yellowish brown, 10 YR 4. Th& 
rocks contain small but significant amounts of magnetite, 
which causes a local declination ot up to 50° at Spencer 
Butte. Some ot the samples appear porphyritic; no flow 
strl1oture is apparent 1n hand specimen. 
Vokes, Snavely, and M:,ers (1951) report that the 
larger reeder dikes in the southern Willamette V~lley are 
gener ally the same com.position as the buttes that were 
1nvestj.gated. The more numerous smaller dikes are ot 
normal basal~ composition. 
1The £ield work was done between July and September, 
1963. 




Plarioelase Feld.spar-~ A thin section was made of 
each of the 53 samples collected. Using the petrographic 
microscope and the universal stage, the maxi11um extinction 
angles for the albite twilming of the plagioclase feldspars 
were determined for each slide. Because ther• were al•ays 
ample feldspar crystals in the section ~th albite 't1r1.lls 
cut perpendicular to the fOlOJ • the statistical .method b7 
tiehel-Lev,- (Kerr, 1959) was used to detendne the 
anorthite content ot the plagioclase. The average eoapos1-
tion was distinctly 1n the labradorite range, consistent 
with the observations of Vokes, Snavely, and M';yers (1951), 
although there were some grains in the neighboring 
andesine and bytownite range. The range of accuracy ot 
the derived anorthite content is witbin .3 percent assuming 
an accuracy ot the extinction angle within 2 degrees as 
stated by Winchell and Winchell (1959, p. 284). 
Clinop:p:oxene- An average chemical composit~on for 
the monoclinic pyroxene was determined by first measuring 
2E by the petrographic microscopic end converti;ng it to 
2V using Mallard's constant method as outlined by Kerr 
(1959) and Stoiber (1959). The data and results of these 
28 
determinations are reported in Table l. The most con-
sistent 2V obtained (2V•32°) was plotted against $Iles-
timated value for the index of refraction of the /J 
vibration direction (np • 1.710) on the di~grams of Hess 
(1949• Pl. I. p. 634) and Poldervaart and Hess (1951, 
Fig. l• p. 474) redrawn 1n Figures 16, 17, and 18. ~he 
resulting average chemical composition for the monoclinic 
pyroxene is Wo25En34Fs41 indicating per cent wollastonite, 
clinoenstatite, and !errosilite respectiv~ly. This com-
position is termed ferroaugite by Poldervaa.rt and Hess 
(1951) and is plotted 1n Figure 18 along with two other 
monoclinic pyroxenes from associated areas. According to 
Bray (1958, Table 2, P• 16) the range of accuracy using 
the above method is between 0.3 percent and 0.2 percent 
in the ratio of Wo/En+Fs and about 5 percent in the ratio 
of En/Fs. 
Bess (1941a, p. 519-525) reports that !erroaugite is 
not a common pyroxene. He discusses the apparent gap 
that exists in the frequency ot the opt~o angles between 
30° and 4(1. He does, however, acknowledge that 
.terroaugites are found in the final p,-roxene differentiate 
zone of the Palisade sill, New Jersey. Bray (1958) also 
reports ferroaugite from the intrusives of western Lane 
County. 
Orthop:yroxene--Ferroaugite is easily distinguished 
I • 
.;s 
'<. . . 
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SJ8:PIE NUM3ER 8-5-3 8- 27-2 8-20- 7 8-20- 8 8-20-4 8-27- 5 8- 20- 2 8-27- 7 8-5-1 
DISTANCE TO LOi'fER 
957 873 858 838 713 479 364 104 68 CONTACT (FEET) 
ANORTHITE CONl'ENT 54. 0 58o0 61.0 .58o0 6lo0 58.o 62 .0 64oO 53 .0 
MODAL ANALYSIS (%) . . 
Plagioclase 67. 5 ·.u 59 .6 v o V~• 6506 65oJ 63.0 46.7 60c8 '..... ~ 67.1 52 .5 
Ferroaugite I • . :I 17 o2 ().iS 28o0 \" .cs 18 08 20.8 19o4 25.6 ; 20. 7 l 21.0 
)'J. 19.,1 
Hypersthene 2.2 · 2o0 2,,8 6 106 406 6.6 
r, 2.6 1.2 13.0 (· : r.·· .. s .. .... "-·'· 
Chlorophaeite ~ 4o2 2o0 ,. 3o4 4oO 4oO 16.6 7.6 4.8 ,.: 608 ._, .,, . • I 
Magnetite 7.6 706 808 7o4 8.6 5.4 7.6 5.8 804 
Apatite o. a Oo8 dr<- 0.6 Oo4 o.4 - .., • L, Oo4 ;..,,j ., Oo2 Trace 
Zircon o. 6 o.6 0.2 Trace 
AduJ.aria 
CATION PERCENTS : 
Si 4 3706 44.J 44.6 44o5 4Jo3 46.4 43o4 4406 44.5 
Al 3 16.5 1706 21.0 l 9o3 1808 13.2 18ol 20.8 15.2 
Fe 3 
. 
5.4 603 Boo 602 7o2 4.4 6.3 4.8 6.8 
Fe 2 6.9 ? 06 lOoO 808 9.7 13o2 908 802 12.3 




4o9 4o7 ' 4.3 5.2 4o5 306 4o2 4o4 'I 4.5 
, .. ~ 0 •• ~~ 
2 18ol 607 o. 6 600 603 llol ~ . 6.9 6.o 9.2 Ng ~-(., 
p 5 2ol Oo3 Oo2 Oo2 Oo2 1.6 Ool 
Zr 4 o.8 Ool 0.1 
Fe 2 / llg 2 RATIO 0.4 1.4 16.7 
J 
lo5 1.5 1.2 lo4 lo4 1.3 
Table 4. Modal analyses and cation pe'rcents 









8- 27- 4 
(Spencer 
Butte) 
8- 21- !i 
(East 
Butte) 









2D D n K Sin V V 
loO 0.5 1.,710 10048 . 278 16° 
1 . 0 0.5 10710 lo048 . 278 16° 
1 .0 os 10710 1.048 . 278 16° 
loO 0.5 1 . 710 1.048 0278 16° 
1 . 1 055 lo710 1 .048 0306 18° 
0.9 . 45 1 . 710 1 .048 0251 15° 
1 . 2 o.6 1 . 710 lo048 0334 20° 
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Figure 16. Pyroxene 2V and index of refraction 
(after Hess, 1949, Pl. I, p. 634). 
Ca.Mg(Si01 )2 Ca.Fe(Si03)2 
SALITE IFERROSALIJ:: \ 
AUGITE FERRO-
En 
Mg2 {Si03 )2 Fe2(Si03)2 
Figure 170 Pyroxene classification (after 
Poldervaart and Hess, 1951, Fig. 1, Po 474). 
Wo 
Fi gure 18. Pyroxene composition of 
southern Willamette Valley rocks and 
Cascade Range rocks . 
A. Wo25En34Fs41 of .Willamette Valley 
intrusive group. 
Bo Wo2ifn35Fs45 of Cascade Range 
(Peck, 1960, No . 8, Table 12) . 
C. Wo1ifn40Fs50 of Cascade Range 




troa the orthmmllbic pyroxene, bn>ersthene, by the 
latter's parallel extinction angle (z•c) and pi.nlt to 
green pleochroia,~. X-rq diffraction patterns were 
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aade in an effort to determine the chelllical composition 
of the llypersthene, but no suitable curves are available 
relating the data to coaposition. Thus, an average com-
position ot (Fe0 •4 , ~.6 ) s10, waa determined using 
Kerr's (1959) interference color chart in conjunctio11 
with Winchell's (1923) diagraa for physical and optical 
properties versus chemical coaposition. 
Kagnetitt ~ ilaenite-- llagnetite is readily 
identified and separat ed from a crushed sample1 by aeans 
of a hand magnet. The remaining opaque mineral was 
separated troa the same sample by the :Pranz Iaodyn.amic 
Separator and identified as ilmenite by aeana of X-ray 
diffraction patterns. Kagnetite and ilmenite cannot be 
differentiated in thin section and therefore are referred 
to hereafter as iron oxide. 
Apatite !:!!S Zircon- Apatite and zircon are 
identified in thin section by their optical properties 
according to Kerr (1959). The former is characterized by 
low relief and birefringence, the latter by high relief 
and birefringence, and parallel extinction. 
1sample 8-16-8 rroa North Butte. 
I • 
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Ohlorophaeite-- A green to brown chloritic alteration 
product is observed in the rocks. Bray (1958) describes 
a mineral derived from glass in the intrusive group~ 
western Lane County and. calls it palagonite based_ on its 
isotropic nature. ~is author notes some anisotropic 
margins on the graj.ns and tentatively identifies it as 
chlorophaeite as described by Buddington and Callaghan 
(19,e) and Heinrich (1956, p. 82). 
Zeolitee-- The zeolites analcite, c.tiabacite, and 
natrolite are identified b7 their indices of refraction 
in imJllersion oils. 
fetrog;-aphic Calc;ulttiona 
Modal Analysis-- Those samples which are most closely 
aligned to a traverse parallel or perpendicular to the 
strike of a s111 are selected for modal analysis. Five 
hundred point counts per slide are made 'IQ.th the petro-
graphic microscope by means ot the point co~t~g stage. 
A volume percent of the actual minerals (with the e%cep-
tion ot ilmenite) is obtained by dividing the tot-al counts 
(500) into the number of counts per mineral. Because the 
iron oxides cannot be distinguished in thin section both 
are grouped under the heading a.agnetite. 
Cation Per¢enta5es-- The cation percentages are ob-
tained using Barth's (1952) aethod. Conversion to cation 
percentages is ma.de by using idealized mineral tormulas 
(~able 2) supplemented by the mineralogical determina-
tions discuss~d in the previous section. It is under-
stood that the clinopyroxenes contain •oderate a.mounts 
ot titanium (Hess, l 9~1a, p. 516). These smaller trac-
tions are not, however, considered in the cation percentage 
calculations. ~e alteration product chlorophaeite is 
calculated as !cy.persthene because it exhibits relic 
010 and 100 cleavages from the original orthorhoabic 
pyroxene in some ss.mples. Chlorophaeite rlter ferromagne-
sium hypersthene is common in the Columbia River Basalt, 
as reported b7 Buddington and Oallaghan (1936). 
Average Grain.§!!!-- For each modal analysis a 
corresponding grain size analysis is made; twenty grains of 
each mineral (ehlorophaeite excepted) are measured by 
means of a calibrated micrometer eyepiece. Wherever 
possible, the direction of measurement coincides with the 
direction of elongation. Measurements in millimeters for 
each mineral are then divided by the number of measurements 
£or that slide yielding an average grainsize. Because of 
its very irregular shapet the average grainsize of 
chlorophaeite is virtuaily impossible to determine. 
Petrogr~ ~ Creswell Butte 
Kegaacopic Description-- The rock of CreS1Jell Butte is 
OXIDE PERCEN'r 1 
Si02 Al2o3 
Fe2o3 FeO Cao K20 Na2o MgO P205 Zro2 
Albite 6807 19.5 11.8 NaAlSiJ 08. 
Anorthite 43o2 J6o7 20.1 .'Ca~Si2o8 ' 
Ferroaugite 
(Ca.25,Mg .34,Feo4l)Si03 
52o0 22o4 12o0 1Jo6 










Apatite 56.8 43o2 ca5 (P04)J 
Zircon 67.2 
32.8 Z.-rSio4 





Table 2. Idealized mineral formulas and oxide percents
0 
\ ~odified from Wahl strom, 
1947, Po 238. 
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massive, light gray (N7), medium-grained basalt and 1• 
slightly zeolitized. Plagioclase ~d pyroxene m~ be 
identified with a hand lens. The &8.lllples collected fro• 
the top part of the sill have a slightly larger grain 
size than those collected at the base. The author be-
lieves that the grain size ia generally too small to 
classify the rock as a gabbro. 
llicroscopic Description- Plagioclase is the dominant 
mineral in the rock. It ranges in composition from An50 
to An56, averaging An.52•5
, normal for the plagioclase 
composition in a diabase according to Turner and 
Verhoogen (1960, p. 211). The plagioclase is subhedral 
and has an average grainsize of 0.32 am 1n the elongate 
direction. Kost of the larger grains are zoned. Simple 
Carlsbad end albite twins are colllJllon. 
Two pyroxene minerals are present. The aost abundant 
of these, the clinopyroxene, is rarely 1n phenocrysts or 
ophitio. It is usually anhedral and many grains have 
pinacoidal twinning on the f100J plane. The average grain 
size is 0.28 a. The other pyroxene present, the 
orthopyroxene hypersthene, is subhedral where in phenocrysts 
in the ground.mass and anhedral in the ophitic parts ot the 
rock. The hypersthene is not twinned and has an average 
grainsize of 0.61 mm. 
Iron oxide is present in vecy minor amounts, never 
' . 
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exceeding 4 percent. Moorehouse (1959, p. 168-169) re-
ports that t he iron ores are very oommon aocessor.y 
minerals of diabases. Tho magnetite is commonly found 
in the interstices of the plagioelase in the groundmass 
and in minute separations along the cleavage planes of 
the pyroxenes. The average grainsize for . the o~aque iron 
oxide is 0.13 mm. 
Chlorophaeite altered from ,hypersthene is dispersed 
in the interstices of the unaltered plagioolase laths 
throughout the samples. 
All samples contained a trace of fine-grained 
interstitial quartz, but not enough to effect their 
classification. A trace of zircon (0.03 JDJll) is present 
1n one sample (9-5-3) included in a larger grain of 
ferroaugite .. W.nor amounts of unaltered vein feldspar, 
adularia, are present 1n one sample (8-15-3). There is 
no flow structure apparent in the rock. 
On the bas1s of their mineral composition, the rock 
at Creswell Butte is classified according to the 
Johannsen's (1939) olassification as basalt (2312 A). 
Plate 3 shows a representative section of the 
mineral associations and characteristic textures of the 
rock from Creswell Butte. 
Modal Anal:yses .ea Oatiou Percentages--Listed in 
Table 3 are the modal analyses and cation percentages for 
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PLATE 3 
1 o.6 nnn 1 
Elongate and zoned plagioclase , inter-
granul ar ferroaugite, and hypersthene pheno-
cryst, magnetite . Nicols crossed (sample 
8-15-1 ) 
PHOTOMICROGRAPH OF CRES'.'/ELL BUTTE BASALT 
I • 
SAMPLE NUM3ER 9-5-3 8-1.5-1 
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8-15-3 8-15-5 
DISTANCE TO Wi'rER. 
946 722 545 213 CONTACT (FEET) 
ANORTI-iITE CONI'E?,.1T .51.O 50 .0 .52 . O 56oO 
UODAL ANALYSIS (%) : 
Pl~oclase 6908 77.0 6800 6406 
Ferroaugite 26.8 14.2 20.4 22. 8 
Hypersthene 2.4 1.4 308 
Chlorophaeite loO 3.0 4.o 5.8 
Magnetite 2.2 3o4 4oO 3oO . 
Apatite 
Zircon 0.2 I . 
Adularia 202 
CATION PERCEN.rS . . 
Si 4 48o3 49 .4 47.8 4706 
Al 3 2-Ool 21.J 20.1 19.3 
Fe 3 1.9 2o9 3o4 2.5 
Fe 2 6.5 5.6 7.0 8.3 
Ca 2 10.3 9oO 9.2 9.9 
Kl 
Oo3 
Na l 6.6 7.2 6.5 5.5 
Mg 2 6.1 4.6 5o7 7o3 
p5 
Zr 4 Oo4 
Fe 2 / Mg 2 RATIO 1.1 1.2 1.2 lol 
Table 3. Modal analyses and 
of Creswell Butte samples. 
cation percents 
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four of the five samples collected at Creswell Butte. 
Petrographz g,! Spencer Butte 
Megascopic Description-- fhe rock of Spencer Butte 
is uniform in physical appearance. It is massive, med.iWD 
gray (N5), fine-grained basalt which rarely has porphyritic 
or ophitic texture 1n hand specimen. Some crude colUJDnar 
jointing 1s evident at the summit (Pl. 1), but no other 
structure which can be interpreted aa a cooling phenomenon 
is reflected in the hand specimen. The rock 1s highly 
weathered near the surface and varies in color .from light 
brownish gray (5 YR 6/1) in the core to moderate brown 
(5 YR 4/4) in the iron o:x:ide veneer. 
Microscopic Descrintion-- Microlites of p1ag1oolase 
(0.26 mm.) dominate the ~ock and range in composition from 
An51 to An65, averaging .An59 (labradorite). This composi-
tion range is slightly hi6her than t~t which Turner and 
Verhoogen (1960, p. 2li) attribute to an ordinary basalt. 
The plagio<lla.se is subhedral, twinned according to the 
albite and Carlsbad twin laws, and commonly zoned. 
Anhedral ferroaugite (0.18 mm) is coQonly present 
in the interstices of the plagioclase in an intergranular 
texture. Some samples1 have an excellent slomeroporph;yriti.c 
1samples 8-2?-5 and 8-20-? from Spencer Butte. 
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texture which is not apparent in the hand specimens. 
The ferroaugite in these aggregates has well developed 
pinicoidal twinning on the [100) plane, but polys111thetic 
twinning on the (001) plane is uncommon. The paragenesis 
of the plagioclase and .f'erroaugite at Spencer Butte is 
clearly indicated by the common embayment and inclusion 
of the former in the latter in the ophitic parts ot the 
rook. 
RJ,persthene (0.3? mm) is present at Spencer Butte 
as phenocrysts ad in ophitic intergrowths with the 
plagioclase in the groundm.ass. In contrast to the 
ferroaugite, the b;rpersthene is not twinned and is in 
noticeably smaller amounts. 
Ohlorophaei te appears to have resulted from an al-
teration of both pyroxenes in these rocks (Pl. 4, Fig. 1). 
It is common in the interstices ot the plagioclase laths, 
\ 
around the ophitic hypersthene, and in the glomeroporphy-
\ 
ritic aggregates of ferroaugite. 
Iron oxide in amounts averaging 7.4 percent and 0.1 mm 
in grain size is usually located in the interstioes of the 
ground.mass. Less commonly it is in the minute separations 
along the cleavage planes of the pyroxenes and as small 
crystalline aggregates. Ferroaugite inclusions in the 
iron oxide grains are common in some samples (Pl. 4, 
Fig. 2). 
I 0 . 2 nnn I 
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PLATE 4 
Figure 1. Ophitic and trachytic textures . 




Ferroaugite inclusion in octahedral 
Nicols not crossed (sample 8- 20- 10) 
_PHOTOMICROGRAPHS OF SPENCER BU':rTE BASALT 
I • 
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Apatite and zi rcon are present 1n minor a.mounts with 
apatite predominating. Both average 0.02 mm in grain 
size. 
On the basis of Johannsen's (1939) classification, 
the rock at Spencer Butte 1a termed basalt (2312 A). 
Figure lot Plate 5 shows a trachytic flow structure, 
evident in only some parts of the rock. Figure 2 ot 
Plate 5 shows aore typical textures and mineral associa-
tions of the rock at Spencer Butte. 
llodal Analyses~ Cation Percentages- The modal 
analyses and eation percentages o! nine of the 24 samples 
collected at Spencer Butte are listed 1n Table 4 . 
Petrograplq ,.2! ~ Butte 
Megaacopic Description-- ~e rock at East Butte is 
massive, mediWll gr117 (1'5), porph7ritic basalt thD.t is 
slightly zeolltized.1 The phenocrysts appear to be highl7 
weathered graine ot !erroaugite, averaging about 2 mm in 
diameter. Ver,- tew or.ystal outli.nen can be identified 
with a hand lens which suggested to the author that the 
phenoc.rysts are actually aggregates of the clinop,-roxene. 
One sample (8-21-1) oontains a grain which eannot be 
identified with certaint7, but appears to be a large -(l mm), 
1s ample 8-21-1 from East Butte. 
0 . 2 nnn I 
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PLATE 5 
Figure 1 . Well- developed trachytic texture of the plagio-
clase in the groundmass. Nicols crossed (sample 8- 20- 12) 
0 . 2 mm I 
Figure 2. Intergranular, ophitic, and crude trachytic 
textures. Nicols crossed (sample 8- 20- 12) 
fHOTor~:ICROGRAPHS OF SPENCER BUTTE BASALT 
I • 
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dark gray, high-calcic plagioclase grain with well developed 
albite twinning striations. Some large grains of magnetite 
can also be seen in the samples. 
111.croscopio Description-- Plagioclase feldspar is the 
predominant mineral. It ra.nges in composition from An56 to 
~o• averaging An61 ; the average grain size is 0.22 mm. 
Sample 8-21-1 has the highest anorthite content, which 
may substantiate the identification of the large grain 
described above. No single plagioclase grain of that size 
is found in the thin section, however. fhe plagioclase 
microlites 1n the groundmass are aligned in a trachytio 
texture in some parts of the rock. It is subhedral and 
has well-developed albite and Oarlsbad twinning. Perioline 
twinning is present,1 but not common. Some of the larger 
grains are zoned. 
Ferroaugite in the phenocrysts occurs as 
glomeroporp~itic aggregates of smaller anhedral grains 
averaging 0.39 mm 1n size. It is commonly twinned and 
basal sections have good prismatic cleavage. The 
ferroaugite is also common 1n the: 1nterstices of the 
plagioclase laths in an intergranular relationship. Some 
minute plagioclase grains are included in the clinopyroxene. 
1Sample 8-21-7 from East Butte. 
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One terroaugite grain observed is zoned (Pl. 6). 
Moorehouse (1959, p. 166) reports that a progression from 
the inner part of a zoned clinopyroxene to the outer 
shell should be enriched in divalent iron at the expense 
of magnesiW11. The orientation o~ this grain does not 
allow accurate 2V determinations and thus, this trend 
cannot be substantiated. 
The rock at East Butte is noticeably lacking 1n 
hypersthene and abundant in chlorophaeite. The latter 
1s concentrated in the interstitial ferroaugite. 
Iron oxide is present averaging 4.1 percent in amount 
and 0.25 mm 1n grainsize. A tew s~les with large 
aggregates of the iron oxide have minute inclusions o! 
both ferroaugite and plagioclase (Pl.?, Hig. 1). 
None ot the common accessory minerals are present 
with the exception or a trace of zircon (O.O? mm) in 
sample 8-21-5. 
The rock is classified as basalt (2312 A) according 
to Johannsen's {1939) classification. 
Plate?, Eigure 2 shows the typical mineral 
associations and textures of the rock from East Butte. 
Modal Analyses~ Cation Percentages-- Listed in 
Table 5 are the modal analyses and cation percentages 




0.2 nnn I 
Zoned and t winned ferroaugite phenocryst . 
Nicols crossed (sample 8- 21-6) 
PHOTOMICROGRAPH OF EAST BUTTE BASALT 
I • 
I O • 2 llli.11 I 
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PLATE 7 
Figure 1. Plagioclase inclusion and embayment in basal 
section of ferroaugite. Note -f.erroaugite cluster and 
plagioclase inclusion in magnetit~: Nicols crossed (sample 
8 - 21- 2) 
Fi gure 2 . 
8- 21-7) 
I 0.2 nnn. I 
Typical ophi t ic t exture . Nicols crossed (sampl e 
PHOTOMI CROGRAPHS OF EAST BUTTE BASALT 
, . 
S.A111PIE NUM3ER 8- 21-1 8-21-7 8-21-5 t~21-3 
DISTAl'VCE TO WNKR. 
596 239 208 172 CONTACT (FEET) 
ANORTHITE CONTENT 70o0 56.o 58o0 60o0 
MODAL ANALYSIS ,(%) . • 
Plag=!,.oclase 41.7 60~2 57.0 5208 




Chlorophaeite 24.,7 9.4 ll.6 14.0 
Magnetite 4o4 4.o 4.6 3o2 , 
Apatite 
Zircon I . 
Adularia - .... 
CATION PERCENTS . . 
Si 4 46o0 46.2 46.8 47.0 
Al 3 12.9 19.2 16o4 1508 
Fe J 3.6 3.7 3.8 206 
Fe 2 l4o0 
~- 10 7 - 10o2 1008 
Ca 2 807 10o7 906 9.7 
K l 
Na l 2o4 6.2 4.8 4oO 
Mg 
2 · 
12.4 6.3 8.5 9.9 
p 5 
Zr 4 
Fe 2 / Mg 2 RATIO lol 1.2 lo2 lol 
Table 5. Modal analyses and cation percents 
of East Butte samples. 
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Petrography !! Skinner Butte 
Megascopic Description-- The rock ot Skinner Butte 
is massive, dark grB.J'" (N3), fine-grained basalt. It is 
slightly porphyritic with phenoorysts of ferroaugite 
averaging 1 mm 1n size. Excellent columnar jointing 
(Pl. 2) is present at Skinner Butte. 
llioroscopic Description-- Bubhedral plagiocla,se 
(O.l? mm) !orms the groundllass ot the rock and is the 
dominant mineral. The feldspar ranges in composition from 
An55 to An60, averaging An58• This composition is con-
sistent with the average for basalt stated by r-urner and 
Verhoogen (1960, p. 211). One sample1 has local trachytic 
texture of the plag1oclase. Some large grains are zoned. 
The .ferroaugite is common both as subhedral and 
e.nhedral grains. The former occ~s prim.aril_y in the 
phenocrysts; the latter occurs as small glomeroporphyritic 
aggregates in the ground.mass. ~he average grainsize, 
0.15 mm, is misleading- because •the lax•ge grains in the 
phenocrysts are less abundant than the small grains in 
the groundm.ass. 
1sample 8-12-2 from Skinner Butte. 
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Because no hypersthene is apparent in the rock, 
chlorophaeite must have originated from ferroaugite. 
Plate a, :Figure 1 shows relic prismatic cleavage trom a 
terroaugite phenocryst pres8llt in a chlorophaeite grain. 
Iron oxide occur a• aall (O.O? IUll) disseminated. 
anhedral grains, as high aa 6.0 perce.nt 1n amount,1 but 
averaging only 3.6 percent. 
No accessory minerals are apparent in the rock. 
According to Johannsen'& (1939) classification, the 
rock is termed basalt (2312 A). 
Plate 8, :Figure 2 shows a typical section of the 
rock from Skinner Butte. 
Modal Analyses~ Cation Percentages-- The modal 
analyses and cation percentages for all five of the sam-
ples collected at Skinner Butte are listed. in Table 6. 
PetrographY 2! Gillespie Butte 
Megascopic Desorip)ion-- The intrusive body at 
Gillespie Butte ia coapoaed ot aaasive, medium light gray 
(NG), tine-grained rock. In hand specimen it appears to 
be a diabase. One sample2 has highly weathered ferroaugite 
1sample 8-12-1 from Skinner Butte. 
2sample 8-16-3 from Gillespie Butte. 
I • 
I 0.2 mm 1 
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PLATE 8 
Figur e 1. Chlorophaeite after ferroaugite. Note relic 
prismatic cleavage. Nicols crossed (sample 8-12-1) 
1 0.2 mm 
Figure 2. Euhedral ferroaugite, chlorophaeite after 
ferroaugite, and trachytic textures of the plagiocl ase . 
Nicols cros sed (sample 8-12- 2) 
PHOTOIHCROGiU.PHS OF SKINNER 3UT'rE BASALT 
SA11PLE NOM3ER 8-12-3 8-16-1 8-12-4 8-12- 2 
· 53 
8-12-1 
DISTANCE TO W,'rER. 
484 379 374 338 228 CONTACT (FEET) 
ANORTHITE CONI'ENT 59o0 56.o 55.o 60.0 60o0 
MODAL ANALYSIS (%) . . 
J' 
Plag=!,.oclase 55408 57;.7 56.2 52o5 63o3 
Ferroaug:i.te 3lo4 29.7 28.2 31.6 2408 
Hypersthene Trace 
ChJ..orophaeite 10.4 9.6 12.4 13o2 6.o 




CATION PERCENTS . . 
Si 4 45. 7 47.8 47 .3 47.4 L4o4 
Al 3 24oO 16.8 1608 15.5 1808 
Fe 3 
r 
2.8 2.? 2::, 2.1 5.o 
Fe 2 4o2 9.5 9.7 10.8 8.8 
Ca 2 10.1 10:0 9.a 10.0 11.3 
K l --
Na l 4ol 4. 7 408 4.o 408 -
Mg 2 
9.1 8.8 8.7 lOol 607 
p5 
Zr 4 
Fe 2/ Mg 2 RATIO lol lol 1.1 1.1 lo3 
Table 6. Modal analyses and 
of Skinner Butte samples. 
cation percents 
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phenoccysts, and all samples are slightly zeolitized. 
Microscopic Description-- llicrolites of subhed.ral 
plagioclase (0-19 JDm) in the ground.mass are the main 
constituents of the rock. They range in composition from 
An40 to An49•5, (upper andesine), which clearly places 
the rock in the andesite rock range according to 
' I 
Heinrich (1956). The author feel• that this low anorthite 
content is attributed to a lack of adequate plagioclase 
grains in the samples available for the Michel-Levy 
statistical determination, and thus, does not represent 
a typical composition of the feldspar. A few grains 
have pericline as well as albite and Carlsbad twinning. 
The larger feldspar crystals, 1Q.thin a ground.mass ot 
smaller grains, are commonly zoned. One sam.ple1 has 
trachytic texture in the plagioclase microlites 1n the 
groundaass. 
Anhedral ferroaugite (0.19 lllDl) usually occurs as 
small interstitial grains within the groundmass. A few 
glomeroporphyritio aggregates ot ferroaugite have large 
subhedral to euhedral grains with good pr,isaatic cleavage 
(Pl. 9 , Fig. l) and siaple pinacoidal tw1.nning on the 
{100} plane. 




Figure 1. · Clustered ferroaugite phenocrysts . Note 
prismatic cleavage and simple pinacoidal twinning. 
Nicols crossed (sample 8- 16-2) 
1 o.6 mm 
Figure 2 . Typical textures. Note plaeioclase microlites, 
clustered und intergranular ferroaugite , and ophitic 
intergrowth. .rhcols crossed ( sample 8-16- 2) 
PIIOTOifIC:]OGRAPHS OF GILLESPIE BUT':'E BASALT 
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Hypersthene is present in. small amounts in 'the rook 
and occurs as large {0.41 mm) anhedral grains in an 
ophitic association with the feldspar in the groundmass. 
Small quantities of chlorophaeite are present as 
disseminated gra1na throughout the groundaass. The 
mineral appears to b• concentrated near the ophitic 
h3:Persthene grains, which suggests that it ts an altera-
tion product from that pyroxene rather than from th.e 
ferroaugite. 
Iron oxide averages 6.6 percent in amount and occurs , . 
comm.only as small (0.09 mm) grains, many of which have an 
octahedral crystal outline. 
Only one sample1 has traces 0£ the accessory minerals 
apatite (0.02 mm) and zircon (O.Ol mm). The same sample 
also has som.e adularia (0.49 mm) concentrated in a veinlet. 
According to Johannsen's (1939) classification, the 
rock at Gillespie Butte is an andesite (2212 A). The 
author believes that it a sutf1cieJlt num.ber of fresh 
plagioclase grains were available for the application ot 
the statistical Michel-Levy method• the rock would prove 
to be a basalt. 
Plate 9, figure 2 shows the typical mineral associa-
t~ons and textures ot the rock at Gillespie Butte. 
1sample 8-16-4 from Gillespie Butte. 
5? 
Modal Analyses~ Cation Percentages-- Listed in 
Table? are the moda1 analyses and cation percentages 
tor all three ot the samples collected at Gillespie Butte. 
Petrograph;f ~ North Butte 
Kegascoptc Descr1pt£oa- 'l'he rock at North Butte is 
.massive, mediUll dark grq (1'4), fine-grained basalt. 
Some parts are slightly porphyritic with phenoccysts of 
ferroaugite. The rock is genera1ly highly weathered to 
a vecy light gray (NB) , and one sample1 shows spheroidal 
weathering into little knobs averaging 0.75 inches in 
dia.lleter. 
Microscopic Description-- Plagioclase feldspar, 
ranging from An52 to An60•5 and averaging An56•4 , is the 
dominant mineral. It occurs as small (0.25 mm) subhedral 
microlites f orming the ground.mass of the rock. The larger 
crystals are collJllonly aoned. 
Anhedral rerroaugite (0.24 mm) ia common in the 
interstices of the plagioelase ground.mass. Subhedral 
!erroaugite (0.6 :mm) ia common both as phenoccysts and 
aggregates. The larger subhedral grains have simple, 
pinacoidal twinning on the (100J plane and well-developed 
prismatic cleavage (Pl. 10 , Fig. 1). 
1sample 8-16-4 from North Butte. 
l 
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S1U1PIE NUMBER 8-16-2 8-16-4 8-16-3 
DISTA!iJCE TO LONER 
102 42 20 CONTACT (:FEET) 
ANORTHITE CONTENT 49.5 44oO 40o0 
MODAL ANALYSIS (%) . . 
Plagioclase 63.5 6106 6000 
Ferroaug:i.te 22.4 17o5 28.4 
Hypersthene 4o2: 8.6 -~.1.6 
Chlorophaeite 3.0 9.3 4o2 
Magnetite 608 7.1 508 
Apatite Trace 
Zircon Trace I . 
Adularia 3o0 
CATION PERCENrS . . 
Si 4 46.o 47.1 47.4 
u.3. 17o9 17.2 15.9 
Fe 3 506 5.8 408 
·2 
9.4 
Fe 9o0 9ol 
Ca 2 806 7ol 8.1 
K 1 0.2 
Na l 6.3 1.0 6.8 
Mg 2 6.5 6o5 7.6 
p5 
Zr 4 
Fe 2 / Mg 2 RATIO 1.4 lo4 1.2 
Table 7. Modal analyses and cation percents 
o:r Gillespie Butte samples. 
0.6 mm I 
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PLATE 10 
Figure 1. Prismatic cleavage in clustered ferroaugite , 
Ni cols crossed (sample 8- 16- 8) 
0 .2 mm I 
Fi gure 2 . Typical intergranular texture. Note r:ii.crolites 
of plagioclase , disseminated nagnetite , and chlo~op~aeite 
after clustered and interstitial ferroaugi te. l'~icols 
crossed (sample 8-16- 6) 
PnOTOi:ICROGlUPFiS OF NORTH BUTTE BASALC'S 
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Anhedral lcy'persthene (0.,5 mm) is present in varying 
amounts throughout the rook 1n an ophitic association 
with the feldspar in the groundmass. 
The chlorophaeite appears to have resulted mainly 
from an alteration of the ferroaugite. It is equally .. 
distributed throughout the rock in both the glomeroporphy-
ritic and intergranular clinop;rroxene. Only a few grains 
of hypersthene altering to chlorophaeite are apparent. 
Iron oxide is present in amounts averaging 5.4 percent. 
It is dispersed throughout the rock usually occupying in-
terstitial p~s1t1ons in the ground.mass. 
No accessory minerals are apparent with the exception 
of one sample,1 which has a trace or apatite. 
The rock is termed basalt (2312 A) according to 
Johannsen's (1939) classification. 
Plate 10, Figure 2 shows the typical mineral associa-
tions and textures of the rock at North Butte. 
J odal .Analyses and £!~ion fercentages-- Listed in 
Table 8 are the modal analyses and cation percentages for 
four of the eight2 samples collected at North Butte. 
1sample 8-16-? from North Butte. 
2sam.ple 8-16-12 was discarded af'ter laboratory inves-
tigations proved it was not a typical sample from North 
Butte. 
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S.ru'\1PIE NUM3ER 8-16-7 8-16-8 8-16-9 8-16-10 
DIST.Ai~CE TO W,'lF.R 
(All distances are equalo) CONTACT (FEET) 
ANORTHITE CONTENT 52o0 60o5 58o0 56o0 
MODAL ANALYSIS (%) . • 
Pla~o clase 59o4 52o7 6lo4 5406 
Ferroaugite 200 0 28.2 24oO 29.4 
Hypersthene 7o0 ?o2 1.8 2o2 
Chlorophaeite 800 5oL. 806 7.6 
Magnetite 5.4 600 4o2 600 
, 
Apatite Oo2 
Zircon I ' 
Adularia 
CATION PERCENTS . . 
Si 4 46o4 45.3 51 .. 2 45.8 
Al J 1608 1506 17.4 15o3 
Fe J 4.5 5 .1 308 4o9 
Fe 2 10.1 llo3 3o7 10 .. 9 
Ca. 2 8 .. 5 9 .. 6 806 9.4 
K l 
Na. 1 5o3 3.,9 7.1 4o4 
Mg 2 803 9.,3 8.2 9o0 
p 5 
Zr 4 
Fe 2 / Mg 2 RATIO lo2 1.2 Oo4 lo2 
Table 8. Modal analyses and cation percents 
of North Butte samples. 
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PETROLOGIC AND PETBOCREMICAL COMPARISONS 
Jfineralogz ,!!!g_ Texture 
The roeks fro~ the six buttes are uniform in their 
mineralogy. Plagioclase 1s the dominant mineral, 
occurring mainly as microlites in the ground.mass and in 
minor amounts as large zoned grains. Ap.hedral. ferroaugite 
is always present, commonly in the interstices or the 
plagioclase and less comm.only in aggregates in the 
glomeroporphyritio parts of the rocks • .Anhedral magne-
tite (and ilmenite) 1s present in minor amounts not ex-
ceeding 9 percent, both as microerystals and as exsolution 
traces in the pyroxen~s. 
The reaaining minerals vary in concentration from 
butte to butte. Interstitial quartz is present in the 
rock at Creswell Butte, but only in trace amounts. 
Anhedral to subhedral hypersthene is present in signUi-
cant amounts at Creswell, Spencer, Gillespie, and North 
Buttes and 1n trace amounts at East and Skinner Buttes. 
Chlorophaeite is present in all or the rocks and appears 
to have resulted from an alteration of either or both 0£ 
the pyroxenes. 'Ele accessory minerals, opatite and zir-




Gillespie, and North Buttes, and not apparent at East and 
Skinner Buttes. Anhedral adularia is present in veinlets 
at Gillespie Butte, and samples from Creswell, East, and 
Gillespie Buttes are sli ghtly zeol_itized. 
!!he textures of all the samples are uniform. The 
plagioclase microlites and int erstitial ferroaugite and 
magnetite average less than 0.2.5 mm in size. Some samples 
whioh appear porp.hyritic in hand specimen are actually com-
posed or terroaugite clusters. Hypersthene, averaging 
0.4 mm in grain size, is found both as phenocrysts and in 
an ophitic intergrowth with the feldspar in the ground-
mass. Some evidence of flow structure is noted in the 
rooks. 
On the basis of mineral composition, the rocks are 
all t ermed medium- to fine-grained basalts according to 
Joha.nnsen•s (1939) igneous rock classification. On the 
combined bases of minerals and texture all of the rooks 
are termed diabases according to Heinrich (1956). Some 
of the rooks are glomeroporphyritic. 
Paragenesia 
Zircon-- Euhedral zircon, characteristic of high 
temperatures according to Ford (1949), probably crystal-
lized out of the magma first. It is present only 1n very 
minor amounts. 
Plagioclase Feldspar-- Euhedral untwinned zoned 
plagioelase grains are present only in minor amounts. 
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The author believes they represent the short period ot 
crystallization between the zircon and the normal twinned 
p~agioclase formation stages. The microlites o! 
plag1oclaae should, according to Barth (1936), show a 
slight (less than 7 percent) concentration of alkali 
feldspar . The author observed no other stage of feldspar 
crystallization (with the exception of veinlets of b.ydro-
the1'Dlal adularia), which indicates 't;h.at the plagioclase 
crystallized along line Q-B in Barth's (1936, P• 325) 
diagram (.Fig. 19) where the two phase boundar;y is not 
reached. 
Pyroxenes-- The continuous series ot plagioelase 
along line Q-R and the discontinuous series of the 
pyroxenes give an account ot the essential crystalliza-
tion process of a basaltic magma. Barth (1936, p. 329) 
shows the sGhemat1c rela~ionslu.p or th~se ~ineral groups 
in a typical basalt, which is redraW11 in Figure 20. Line 
A-B represents the continuous series from diopsidio to 
hypersthenic pyroxene. If the composition of the original 
basaltic magma lies to the leit or right 0£ the boundary 
0-P, crystallization of eithe~ plagio9lase or pyroxene 
re~pectively will result until the boundary is reached. 




Figure 190 Plagioclase crystallization ·in 
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Figure 200 Crystallization process in 
basaltic magma (after Barth, 1936, Fig. 
3, p. 329). 
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mineral groups takes place. 
Inclusions of the plagioclase in the pyroxenes, the 
ophitic and intergranular relationship ot the two mineral 
groups, and the high plagioolase percentages in the modal 
analyses all indicate conclusively that the original 
oomposition o~ the magma lies to the left of the 0-P 
boundary. According to Barth's (1936) normative calcula-
tions, most basalts lie in this plagioelase field. 
In an undersaturated magma, such as the samples 
apparently represent, high temperature olivines are com-
monly associated with the ferromagnesium pyroxenes. The 
absence of olivine and any relic structure of that 
mineral in later pyroxenes indicates a lower initial 
temperature of formation and the direct crystallization 
of lcypersthene following plagioclase (Fenner, 1929). 
Consistent with the fact that basalts normally con-
t ain two pyroxene minerals (Poldervaart and Hess, 1951), 
hypersthene is always associated with ferroaugite in the 
samples. The petrology of thia particular relationship 
warrants special consideration. Hess (l94lb• Fig. 12, 
p. 586) shows that the augite-ferroaugite series 
crystallizes independently of the orthopyroxene 
(hypersthene) -pigeonite series ( Fig. 21). With decreas-
ing temperature, augite, common in two-pyroxene basalts 





Figure 21. Pyroxene crystallization in 
basaltic magma (af'ter Hess, 194l, Fig. 




. 'd. A 
:Z-...s, 
Molecular Percent Enstatite 
Figure 22. Cooling curve ~or basaltic 
magma and pyroxene inversion curve 
(after Hess, .1941 . ., Fig. 9, P• 583). 
J 
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In the orthopyroxene-pigeonite series, however, the 
hypersthene crystallizes at a higher tempe·~ature and in-
verts to pigeoni.te as the magma cools. Figure 22 
(Hess, 1941a, Fig. 9, p. 583) shows the relationship of 
the temperature of the magma and the orthopyroxene 
(hypersthene)-clinopyroxene (pigeonite) inversion curve. 
If the temperature of the magma is above the inversion 
temperature for a given composition (Field A), the origi-
nal orthorhombic pyroxene will invert to pigeonite as the 
temperature is decreased. If the temperature of the magma 
is below the inversion temperature (Field B), the orthor-
hombic pyroxene will not be permitted to invert to 
pigeonite and will be 'frozen' in the rocks. 
The samples from Creswell , Spencer, Gillespie, and 
North Buttes, all of which show both ferroau$ite and hypers-
thene with no pi geonite, indicate the higher temperature 
conditions of field B. 
The nature of the one-pyroxene basalt field in figure 
21 is not clear. From Poldervaart and Hess's diagram 
(1951, Fig. 6, p. 480), which is redrawn in Figure 23, it 
may be inferred that either a member of the orthopyroxene-
pigeonite series or the augite-ferroaugite series may con-
tinue to form at decreasing temperatures below the two-
pyroxene boundary. Hess (1941a) (Fig. 21), however, shows 
a termination of the orthopyroxene-pigeonite series at the 
, 
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Magnesian Olivine Endiopside 
~ eact1on l 
Magnesian OrthopY):'oxene Augite 
Ca7oclase. 
. ~ Inversion 
Ca-Na-Pl~clase 
Magnesian Pigeonite . ' 
\ l!l.-Ca Plagioclase 
Ferriferous Pigeonite I · 
. . \:,erro;ugi~e 
-------- -------. 
Tvro- Pyroxene Boundary· 
Figure 23·~ Principle reaction series 
basaltic magma (after Poldervaart and 
1951, Fig_ • . _6, P• 480). 
in a 
Hess, 
boundary and includes ferroaugite as the most likely 
constituent of a one-pyroxene basalt. 
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fhe rocks from East and Skinner Buttes havo only 
iron-rich clinop:,roxene. ferroaugite, with no associated 
hypersthene. These one-pyroxene basalts could represent 
a late iron-rich differen~iate from the same magma which 
lead to the formation of the rocks at Creswell, Spencer. 
Gillespie• and North Buttes• but the constant ratio o! 
Fe2/Mg
2 in all the rocks (about 1.2) suggests that the 
composition of the magma was virtually the same at all the 
buttes (Fenner, 1929) . Thus, the rocks f rom East and 
Skinner Buttes probably indicate a temperature of forma-
tion lower than that indicated by the two-pyroxene 
boundary in Piguree 22 and 23. 
~ Oxide-- The m.icrocrystalline iron oxides present 
in all samples probably represent the la.st stage of mag-
matic crystallization, as defined by Ohs.yes (1950, p. 36), 
following the last formation of iron-rich pyroxene. The 
anhedral magnetite in the intergra1n zones and along the 
miarobreaks of the terroaugite cleavage represents an 
exsolution ot the two minerals at decreasing temperatures. 
£.,hlorophaeite-- The alteration product, chlorophaeite, 
followed magnetite 1n the sequence. It is found exten-
sively associated with the ferromagnesium minerals in the 
rocks. According to Peacock and Fuller (1928, p. 369), 
ohlorophaeite 1s1 
••• probably due to hydrothermal (post-
magmatic according to Ohayes, 1950) action on 
ferro.magnesium minerals and on the basic con-
stituenta ••• resulting in a fluid product which 
permeates the rock ••• 
?l 
The rocks trom Creswell and Gillespie Buttes have 
chlorophaeite a.rter i.yperathene in particular. Peacock 
and Fuller (1928, p. 363) report the same association in 
the Columbia River Basalt flowss 
Rhombic p7Z"oxenes such as bypersthene are 
particularly unresistant to alteration, and the 
inference that the ohlorophaeite pseudomorphe 
represent completel7 altered rhombic pyroxenes is 
fully in accord with the forms of the pseudomorphs 
and with the ohemioal composition. 
Adularia ~ Zeolites-- The vein feldspar and 
am;rgdaloidal zeolites are products o! local hydrothermal 
action concentrated 1n the open fractures of the rocks. 
Apatite-- According to Tollman and Rogers (Kerr, 
1959, p. 231), apatite is mainly a late-magmatic mineral. 
The author believes that it is not necessarily typical of 
any temperature range or field of composition. Thus, he 
cannot accurately place it in this paragenetio scheme. 
Extent~ Differentiation 
Inter-butte Differentiation- The low silicon content 
and the Fe2/Jlg2 ratio (see cat ion percentages for each 
sample) constant throughout the samples 111dicates a uniform 
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magma composition at all the buttes. Thus, mechanical 
differentiation processes as outlined by Barth (1952) do 
not appear to be a contributing factor to any variation 
in compositions within this intrusive group. 
The rocks may be crystallization products from a 
residual liquid which has differentiated from a parent 
magma. Barth (1936, p. 349) explains that i! at depth 
the pigeonite crystallizes in excess of the stoichiometric 
ratio and does not react with the residual liquid, then 
that liquid rill be undereaturated with respect to silica. 
The intrusive rocks of the Cascade Range, as described by 
Bogue and Hodge (1940) and Peck {1960), and the Ooast 
Range, as described b7 Bray (1958), have a high concen-
tration of sub-oalcic clinopyroxene (namel7 pigeonite) 
and may represent such a parent :magma. There 1s 9 un-
fortunately, no proof that this process or initial 
differentiation lead to the undersaturation of the rocks 
investigated in the southern Willaaette Valley. 
It appears that given an undersaturated magma with a 
constant Fe2/Kg2 ratio, the only feasible explanation for 
a petrographic variation lies in a varying temperature of 
crystallization. None of the samples contain olivine, a 
common constituent of undersaturated rooks, which indicates 
that the temperature at all the buttes was below that 
allowing olivine to form. Creswell, Spencer, Gillespie, 
and North Buttes show two pyroxenes and, thus, represent 
the highest teaperature ot crystallization of the six 
buttes. At lower temperatures and, thus, probably later 
than the previous four, tho rocks ot East and Skinner 
Buttes formed. They have only ferroaugite, which 
crystallizes below the temperature necessary tor a two-
pyroxene basalt. 
fhe plagioclase, relatively constant in composition 
for the six buttes, has apparently cr.,stallized at 
slightly higher temperatures and does not reflect the 
varying temperature conditions significant in the 
pyroxene mineral group. ~raohytic structure evident at 
many of the buttes indicates that perhaps the plagioclase 
could have crystallized at these higher temperatures be-
fore emplacement, been carried to their present position 
by the melt, and followed by pyroxene crystallization 
with decreasing temperature. 
Intra-butte Differentiation-- Within each of the six 
buttes there is no conclusive evidence o! magmatic differ-
entiation. hxamination of selected samples from traverses 
parallel and perpendioular to the strike and dip of the 
aasUJlled structures shows that no two saaples from any one 
butte are exactly alike, nor are there any groupings of 
similar mineral compositions. 
I • 
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The anorthite content of the plagioelase ranges from 
An40 (Gillespie Butte) to An70 (East Butte) and varies 
throughout all of the buttes, which reflects the idea o! 
a pre-intrusion crystallization of the feldspar and its 
resulting random emplacement by the melt in the present 
structures. 
The ophitio association or lcy'persthene and plagioclase, 
the intergranular and clustered terroaugite, and the 
microcrystals of iron oxide, are disseminated throughout 
the rock at each butte. They apparently crystallized 
where the openings occurred in the groundmass, and show no 
evidence of differentiation. 
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